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Abstract
We discuss ways to probe t− b− τ Yukawa coupling unification condition at
the Energy and Intensity frontiers. We consider non-universal soft supersym-
metry breaking mass terms for gauginos related by the SO(10) grand unified
theory (GUT). We have previously shown that t− b− τ Yukawa coupling uni-
fication prefers a mass of around 125 GeV for the Standard Model-like Higgs
boson with all colored sparticle masses above 3 TeV. The well-known MSSM
parameter tanβ ≈ 47−48 and neutralino-stau coannihilation yields the desired
relic dark matter density.
The discovery of a Standard Model (SM)-like Higgs boson with mass ∼ 125 GeV
by the ATLAS [1] and the CMS [2] collaborations is compatible with low (∼ 1−few
TeV) scale supersymmetry. In addition to solving the gauge hierarchy problem and
providing a compelling dark matter candidate, supersymmetry also leads to unifica-
tion of the three SM gauge couplings at the grand unification scale (MGUT ∼ 1016
GeV). Furthermore t− b− τ Yukawa [3] coupling unification at MGUT arises in super-
symmetric SO(10), in contrast to its non-supersymmetric counterpart. In Ref. [4] we
considered a supersymmetric SO(10) model with non-universal soft supersymmetry
breaking (SSB) gaugino masses at MGUT, arising from a non-singlet F-component of
the field which breaks supersymmetry. We discussed, in particular, a gravity mediated
supersymmetry breaking scenario [5] with the following relation at MGUT among the
masses of the minimal supersymmetric standard model (MSSM),
M3 : M2 : M1 = −2 : 3 : 1, (1)
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whereM1,M2,M3 denote the gaugino masses of U(1), SU(2)L and SU(3)c respectively.
In order to obtain the correct sign for the desired contribution to (g−2)µ, we set µ > 0,
M1 > 0, M2 > 0 and M3 < 0.
Employing the boundary condition from Eq.(1), one can define the MSSM gaugino
masses at MGUT in terms of the mass parameter M1/2:
M1 = M1/2, M2 = 3M1/2 and M3 = −2M1/2. (2)
In order to quantify Yukawa coupling unification, we define the quantity Rtbτ as,
Rtbτ =
max(yt, yb, yτ )
min(yt, yb, yτ )
. (3)
We have performed random scans for the following parameter range:
0 ≤ m16 ≤ 10 TeV
0 ≤ m10 ≤ 10 TeV
0 ≤M1/2 ≤ 5 TeV
35 ≤ tan β ≤ 55
−3 ≤ A0/m16 ≤ 3. (4)
Here m16 is the universal SSB mass for MSSM sfermions, m10 is the universal SSB
mass term for up and down MSSM Higgs masses, M1/2 is the SSB gaugino mass pa-
rameter, tan β is the ratio of the vacuum expectation values (VEVs) of the two MSSM
Higgs doublets, A0 is the universal SSB trilinear scalar interaction (with correspond-
ing Yukawa coupling factored out). We use the central value mt = 173.1 GeV [6] and
with 1σ deviation in our analysis. We use mb(mZ) = 2.83 GeV which is hard-coded
into Isajet.
We employ Isajet 7.84 [7] interfaced with Micromegas 2.4 [8] to perform random
scans over the fundamental parameter space. Micromegas is interfaced with Isajet to
calculate the relic density and branching ratios BR(Bs → µ+µ−) and BR(b → sγ).
With these codes we implement the following random scanning procedure: A uniform
and logarithmic distribution of random points is first generated in the parameter space
given in Eq.(4). A Gaussian distribution of points is then generated around each point
in the parameter space. We successively apply the following experimental constraints
on the data that we acquire from this interface:
In Figure 1, we present results in the Rtbτ −mh plane. Gray points are consistent
with radiative electroweak symmetry breaking (REWSB) and neutralino being lightest
supersymmetric particle (LSP). The green points satisfy particle mass bounds and
constraints from BR(Bs → µ+µ−), BR(b→ sγ) and BR(Bu → τντ ). In addition, the
green points do no worse than the SM in terms of (g − 2)µ. The brown points belong
to a subset of the green points and satisfy the WMAP bound (Ωh2 < 1) on neutralino
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Figure 1: Plot in the Rtbτ − mh plane. Gray points are consistent with REWSB
and neutralino LSP. Green points satisfy particle mass bounds and constraints from
BR(Bs → µ+µ−), BR(b → sγ) and BR(Bu → τντ ). In addition, we require that
green points do no worse than the SM in terms of (g− 2)µ. Brown points belong to a
subset of green points and satisfy the WMAP bounds (Ωh2 < 1) on neutralino dark
matter abundance.
Figure 2: Plots in mq˜−mg˜, mτ˜1−mχ˜0 planes. The color coding is the same as that used
in Figure 1. In addition, yellow points correspond to Yukawa unification better than
10%. Brown points are compatible with WMAP bound on relic abundance (Ωh2 < 1)
are a subset of yellow points.
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0.8× 10−9 ≤ BR(Bs → µ+µ−) ≤ 6.2× 10−9 (2σ) [12]
2.99× 10−4 ≤ BR(b→ sγ) ≤ 3.87× 10−4 (2σ) [13]
0.15 ≤ BR(Bu→τντ )MSSM
BR(Bu→τντ )SM ≤ 2.41 (3σ) [13]
0 ≤ ∆(g − 2)µ/2 ≤ 55.6× 10−10 [14]
dark matter abundance. It is exciting to note that demanding exact t− b− τ Yukawa
unification in the given supersymmetric SO(10) GUT allows us to predict a mass
(mh) of around 124 GeV for the SM-like Higgs boson, consistent with all collider and
astrophysical constraints mentioned above. This prediction is in very good agreement
with the recent ATLAS and CMS measurements [1, 2]. Requiring t − b − τ Yukawa
unification at 5% level we find the result 122 GeV < mh < 126 GeV.
Note that there is approximately a ±2 GeV theoretical uncertainty in the calcula-
tion of this mass. It is interesting to note that the Higgs mass interval is significantly
reduced compared with versions of the SO(10) and 4-2-2 models with mHu 6= mHd for
which the SM-like Higgs boson mass lies in the interval 80 GeV < mh < 129 GeV
[15], compatible with exact t− b− τ Yukawa unification.
Note that in a class of models, where a non-trivial asymptotic relation among the
third generation quark and lepton Yukawa couplings can be derived [16, 17], we still
have a relatively big mass interval for the SM-like Higgs mass.
In Figure 2 the color coding is the same as in Figure 1. In addition, yellow points
correspond to Yukawa unification better than 10%. Brown points are compatible with
the WMAP bound on relic abundance (Ωh2 < 1) are a subset of yellow points. The
mq˜ − mg˜ panel shows that t-b-τ Yukawa unification in our scenario predicts masses
for the gluino and the first two family squarks which lie around 4 TeV or so, which
can be observed in the future at LHC.
In the present framework, the WMAP constraint on the relic dark matter abun-
dance is only satisfied by the neutralino-stau coannihilation scenario where the neu-
tralino and stau masses are degenerate to a good approximation (see brown points).
From the plot in mτ˜ − mχ˜01 plane of Figure 2, we observe that demanding 10% or
better Yukawa unification yields the following constraint on the LSP neutralino mass,
400 GeV . mχ˜01 . 1 TeV. It remains to be seen whether alternative coannihilation
scenarios may emerge after a more through analysis.
In Table 1 we present three benchmark points with acceptable degree of Yukawa
unification and SM-like Higgs mass close to 125 GeV (recall the ± 2 GeV theoretical
uncertainty in estimating this mass). The points shown also satisfy the constraints
described above. Point 1 represent solutions that yield almost perfect Yukawa unifi-
cation (of around 2%). Point 2 depicts stau coannihilation in addition to a 124 GeV
Higgs and Rtbτ = 1.03. Point 3 shows that perfectly respectable t − b − τ Yukawa
unification can be achieved with nearly degenerate (m16 ' m10) sfermion and Higgs
scalar masses at MGUT .
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Point 1 Point 2 Point 3
m10 4.19× 102 4.49× 102 1.94× 103
m16 2.13× 103 1.91× 103 2.00× 103
M1 1.89× 103 1.78× 103 1.51× 103
M2 5.67× 103 5.35× 103 4.53× 103
M3 −3.78× 103 −3.57× 103 −3.02× 103
A0/m16 2.39 0.03 1.56
tan β 47.18 47.93 47.46
mt 174.2 174.2 173.1
µ 3729 2913 2526
mh 125 124 123
mH 747 572 558
mA 742 568 554
mH± 753 580 567
mχ˜01,2 895, 3739 848, 2932 709, 2540
mχ˜03,4 3742, 4822 2935, 4562 2543, 3849
mχ˜±1,2 3789, 4774 2978, 4516 2579, 3809
mg˜ 7694 7266 6239
mu˜L,R 7667, 6824 7219, 6415 6295, 5635
mt˜1,2 5331, 6560 5239, 6367 4390, 5370
md˜L,R 7668, 6814 7220, 6406 6296, 5628
mb˜1,2 5553, 6526 5434, 6333 4591, 5341
mν˜1,2 4148 3870 3487
mν˜3 3898 3641 3243
me˜L,R 4153, 2234 3875, 2009 3491, 2068
mτ˜1,2 1094, 3875 881, 3620 1061, 3225
∆(g − 2)µ 3.11× 10−11 3.71× 10−11 4.97× 10−11
σSI(pb) 1.59× 10−11 7.08× 10−11 1.00× 10−10
σSD(pb) 4.69× 10−10 11.60× 10−9 2.89× 10−9
ΩCDMh
2 6.5 0.8 4.0
Rtbτ 1.02 1.03 1.04
Table 1: Benchmark points with good Yukawa unification. All the masses are in
units of GeV. Point 1 demonstrates how a small value of Rtbτ yields a Higgs mass
∼ 125 GeV. Point 2 exhibits stau coannihilation and has a small Rtbτ that agrees with
Ωh2 < 1. Point 4 shows that good t− b− τ Yukawa unification can be attained with
the sfermions and Higgs nearly degenerate (m16 ' m10) at MGUT .
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